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Breast cancer is a non-communicable diseases and also major health problem in the 
world. Based on data from WHO in 2012, the incidence of breast cancer reported 
as 1.67 million cases. One cause of highest morbidity and mortality in breast 
cancer is chemoresistancy. Many pathways could cause chemoresistant in breast 
cancer.  The one of pathways are from genetic such as miR-200c. Base on the other 
study, mir-200c act an apoptosis inducer and inhibit metastasis in chemoresistant 
breast cancer cells. The mir-200c act the role in specific target cells in 
chemoresistant breast cancer. Meanwhile, the expression of miR-200c induces 
Mesenchymal Epithelial Transition (MET) by inhibits ZEB 1 or 2 and TGF-β2 as 
anti-metastases in chemoresistant breast cancer. miR-200c has a promising 
potential as a new treatment for chemoresistant breast cancer, because of its potent 
pro-apoptotic and anti-metastatic properties. 
  Abstrak:  
Kanker payudara adalah penyakit tidak menular dan juga menjadi masalah 
kesehatan utama di dunia. Berdasarkan data WHO pada 2012, kejadian kanker 
payudara dilaporkan sebanyak 1,67 juta kasus. Salah satu penyebab morbiditas 
dan mortalitas tertinggi pada kanker payudara adalah chemoresistancy. Banyak 
jalur dapat menyebabkan chemoresistant pada kanker payudara. Salah satu jalur 
berasal dari genetik seperti miR-200c. Berdasarkan penelitian lain, mir-200c 
bertindak sebagai penginduksi apoptosis dan menghambat metastasis dalam sel 
kanker payudara yang resisten terhadap chemoresistant. Mir-200c berperan 
dalam sel target spesifik pada kanker payudara yang chemoresistant. Sementara 
itu, ekspresi miR-200c menginduksi Mesenchymal Epithelial Transition (MET) 
dengan menghambat ZEB 1 atau 2 dan TGF-β2 sebagai anti-metastasis pada 
kanker payudara tahan chemores. miR-200c memiliki potensi yang menjanjikan 
sebagai pengobatan baru untuk kanker payudara tahan chemores, karena sifat 
pro-apoptosis dan anti-metastasis yang kuat. 
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Breasti cancer,i includingi non-
communicablei diseasesi andi alsoi majori 
healthi problemi ini thei world.i Thei 
prevalencei ofi breasti canceri hasi ai highi 
morbidityi andi mortalitiesi afteri cervicali 
cancer [1]. Accordingi toi statisticsi ofi thei 
Worldi Healthi Organizationi (WHO)i in 2012 
[2],i breasti canceri incidencei occurredi asi 
manyi asi 1,67i millioni withi ai mortalityi ratei 
ofi 90%i ati ani advancedi stagei ori metastasis.i 
Basedi oni datai fromi thei Internationali 
Agencyi fori Researchi oni Canceri (IARC)i ini 
2012 [3],i breasti canceri incidencei ofi 40i peri 
100.000i women. Thei pathogenesisi ofi 
breasti canceri cani occuri byi variousi factors.i 
Thei highesti proportioni ofi breasti canceri ini 
genei mutationi oni BCRAi 1i andi 2i arei 85%,i 
whilei 15%i occurredi ini HER2+,i estrogeni 
receptori (ER)i andi goingi triplei negativei 
breasti canceri (TNBC) [2]. Basedi oni thesei 
riski factors,i mayi leadi toi thei riski ofi 
chemoresistanti breasti cancer [4] [5].  
Basedi oni thesei riski factors,i 
preventivei effortsi arei neededi oni thei 
incidencei ofi chemoresistanti breasti cancer.i 
Onei ofi themi withi surgeryi andi combinationi 
chemotherapyi effortsi ini orderi toi inducei 
apoptosisi ini chemoresistanti canceri cells.i 
However,i previousi studiesi showedi resultsi 
thati preventioni effortsi arei lessi significanti ini 
reducingi thei incidencei ofi chemoresistanti 
breasti cancer.i Duei toi thei often-reportedi 
casesi ofi breasti canceri afteri ani advancedi 
stagei likei stagei 3,i 4i ori circumstancesi havei 
metastasis [6].i Iti isi ai riski factori toi thei 
increasedi incidencei ofi chemoresistanti 
breasti cancer.i Basedi oni thesei issuesi ofteni 
causei difficultiesi ini chemoresistanti breasti 
canceri therapy.i Amountingi toi 90%i ofi 
breasti canceri incidencei chemoresistanti 
occurredi despitei priori chemotherapy [5]–
[7]. 
Therapyi usedi ini thei treatmenti ofi 
breasti canceri withi ai combinationi chemo-
resistanti therapyi thei resultsi toi improvei thei 
effectivenessi andi sensitivityi ofi chemo-
therapy.i However,i previousi studiesi show-




inducingi apoptosisi ini chemoresistanti breasti 
canceri cells [8]. Ini addition,i thei sidei effectsi 
ofi combinationi chemotherapyi arei noti ai 
positivei impacti oni patients [9] [10]. Iti isi 
necessaryi modalitiesi toi minimizei sidei 
effectsi andi improvei qualityi ofi holistici 
therapyi asi efforti chemoresistanti breasti 
canceri management. 
Thei latesti studyi wasi currentlyi ini thei 
managementi ofi chemoresistanti breasti 
canceri switchedi toi therapeutici use [6]. Onei 
ofi themi isi ai microRNAi (microRNA),i 
whichi hasi thei potentiali toi inhibiti thei 
pathogenesisi ofi cancer.i MicroRNAi isi shorti 
RNA,i onei ofi whichi miR-200ci whichi hasi ai 
functioni toi regulatei thei proliferation,i 
apoptosis,i angiogenesis,i metastasisi andi 
invasioni ofi canceri cellsi andi chemoresistant 
[11]. Thei rolei ofi specifici miR-200ci cani bei 
ani effectivei therapyi ini thei managementi ofi 
chemoresistanti breasti cancer [12]. Basedi 
oni thei resultsi ofi Cheni eti al [11].i Thati miR-
200ci havei thei potentiali toi increasei thei 
sensitivityi ofi thei targeti cellsi withi chemo-
therapy.i Alsoi supportedi byi studiesi thati 
showi thei expressioni ofi miR-200ci cani 
increasei sensitivityi toi chemotherapyi 
doxorubicini ini chemoresistanti breasti 
cancer.i Moreover,i thei expressioni ofi miR-
200ci cani bei asi anti-metastasisi ofi chemo-
resistanti breasti canceri cells [13] [14]. 
Seeingi thei overalli potentiali ofi miR-
200c, iti couldi bei thei majori markeri ini thei 
managementi ofi chemoresistanti breasti 
cancer.i Thus,i thei potentiali ofi miR-200ci 
couldi bei ani innovationi breakthroughi 
therapyi fori treatmenti ofi chemoresistanti 
breasti cancer.i Thus,i iti isi necessaryi toi 
furtheri discussi thei modalitiesi specifically,i 
soi asi toi providei ai brighti prospecti ini the 
developmenti ofi relatedi sciencesi chemo-
resistanti breasti canceri management. 
DISCUSSION 
miR-200i Family 
 miRsi arei short,i non-codingi RNAi 
moleculesi thati functioni toi regulatei genei 
expressioni  ati  thei  post-transcriptionali   leveli  
 




byi bindingi complimentaryi 3′i untranslatedi 
regioni (3′i UTR)i sequencesi ofi targeti 
mRNAs,i therebyi repressingi genei 
expression.i miRsi werei firsti reportedi ini thei 
1990si asi regulatoryi sequencesi involvedi ini 
C.i elegansi development,i however,i theyi 
havei sincei beeni furtheri characterizedi asi 
gene-repressioni elementsi thati affecti gene-
expressioni profilesi ini morei thani 100i animali 
species [15]. 
Thei majorityi ofi miRsi arei encodedi 
withini introni regionsi ofi genomes,i andi arei 
transcribedi byi RNAi polymerasei IIi intoi 
primaryi transcriptsi referredi toi asi pri-miRs.i 
Ini thei canonicali miRi pathway,i pri-miRsi arei 
cleavedi byi ani RNAasei III-Droshai complexi 
ini orderi toi yieldi pre-miRs.i Alternatively,i 
miRi transcriptsi calledi mirtronsi arei 
producedi independentlyi ofi thei RNAasei III-
Droshai complex [16]. Pre-miRsi andi 
mirtronsi arei transportedi fromi thei nucleusi 
byi exportini 5i intoi thei cytoplasmi andi 
processedi byi Diceri intoi shorti (±22i 
nucleotides),i double-strandedi miR/miRi 
moleculesi thati subsequentlyi formi ani RNA-
inducedi silencingi complexi (RISC)i withi 
Argonautei andi otheri proteins.i Ini thei RISCi 
complex,i onei strandi ofi thei miRi duplexi 
functionsi toi bindi complementaryi sequencesi 
ini thei 3′UTRi andi therebyi repressi targeti 
genes,i whilei the other strand isi degraded 
[17].  miRsi arei regulatedi ini parti byi RNA-
bindingi proteinsi thati helpi determinei thei 
contexti ini whichi miRsi arei availablei fori 
target-genei represión [18] Because miRsi 
havei beeni showni toi targeti manyi importanti 
signalingi proteinsi andi transcriptioni factorsi 
thati governi immunei processesi andi 
differentiation,i iti isi noti surprisingi thati thesei 
moleculesi havei importanti rolesi duringi 
immunei responsesi toi microbiali infections,i 
includingi thosei thati affecti thei CNS [19]. 
Infection of thei CNSi resultsi ini 
significanti changesi ini miRi expressioni 
profiles,i manyi ofi whichi facilitatei variousi 
aspectsi ofi immunei processes [17] [18]. Iti 
shouldi bei notedi thati therei isi ai growingi 
bodyi ofi literaturei thati discussesi miRsi 
encodedi    by i virusesi        that  i influencei   virali  
\ 
pathogenesis, however,i theyi arei beyondi thei 
scopei ofi thisi review.i Onei miRi thati hasi 
gainedi considerablei attentioni ini recenti 
yearsi isi mammalian-encodedi miR-200i 
familyi whichi numerousi reportsi havei 
implicatedi ini regulatingi metastatici cells.i 
Herei wei providei ai discussioni ofi severali 
examplesi ini whichi miR-200ci duringi 
chemoresistanti ini breasti cancer [20]. 
Thei miR-200i familyi wasi firsti 
discoveredi toi directlyi targeti andi down-
regulatei thei E-cadherini transcriptionali 
repressorsi ZEB1i andi ZEB2,i leadingi toi 
restorationi ofi ani epitheliali phenotypei ini 
breasti canceri celli lines,i characterizedi byi ani 
increasei ini E-cadherini expression,i andi 
decreasedi migrationi andi invasión [14]. 
Expressioni ofi thei miR-200i familyi 
correlatesi withi ani epithelial-likei phenotypei 
ini thei Nationali Canceri Institutei (NCI)i paneli 
ofi 60i canceri cellsi lines,i andi suppressesi 
EMTi ini severali additionali canceri models,i 
includingi bladder,i colorectali andi lung.i 
Althoughi genesi encodingi ZEB1/2i arei thei 
best-studiedi targetsi ofi thei miR-200i family,i 
thei smalli consensusi bindingi sequencei ofi 
miRsi resultsi ini manyi bioinformaticallyi 
predictedi targets [14] [21]. 
Resistancei toi chemotherapyi isi ai 
criticali aspecti ofi tumorigenesisi alsoi 
associatedi withi acquisitioni ofi ani EMTi 
phenotype [22]. Thei miR-200i familyi hasi 
beeni foundi toi bei involvedi ini maintainingi 
sensitivityi to twoi classesi ofi chemo 
therapeuticsi toi date,i microtubulei targetingi 
agents,i andi DNAi damagingi drugs [23]. 
Indeed,i miR-200i expressioni correlatesi withi 
sensitivityi toi EGFRi blockingi agentsi ini 
bladderi cancer,i andi restorationi ofi miR-200i 
familyi membersi increasedi sensitivityi toi 
EGFRi inhibitorsi ini mesenchymal-likei celli 
lines [24]. 
Thei miR-200i familyi hasi nowi beeni 
confirmedi toi directlyi targeti otheri genesi 
involvedi ini variousi aspectsi ofi EMT [25]. 
Onei aspecti ofi EMTi thati hasi beeni 
particularlyi welli studiedi isi thei increasei ini 
migratoryi andi invasivei capacity.i Targetingi 
andi      repressioni     ofi     thei      genesi    encodingi 
 




ZEB1/2i byi miR-200ci andi thei resultanti 
increasei ini E-cadherini decreasesi migrationi 
andi invasión [25] [26]. 
Regulationi ofi miR-200c 
Thei epitheliali mesenchymali transiti-
oni (EMT)i programi isi keyi toi canceri 
progressioni andi metastasisi andi hasi beeni 
linkedi toi generationi ofi CSCs [27]. Ouri 
previousi worki hasi showni thati tumori 
suppressori p53i playsi ai rolei ini regulatingi 
bothi EMTi andi EMT-associatedi breasti 
CSCsi throughi transcriptionali activationi ofi 
microRNAsi involvedi ini regulationi ofi 
stemness,i includingi miR-200ci (miR-200c) 
[28]. Functionali (wild-type)i p53i trans 
activatesi miR-200ci throughi directi bindingi 
toi thei miR-200ci promoter,i andi lossi ofi p53i 
ini mammaryi epitheliali cellsi leadsi toi 
decreasedi expressioni ofi miR-200ci andi 
activatesi EMTi program,i accompaniedi byi 
increasedi CSC-likei population [27] [28]. 
Re-expressingi miR-200ci suppressesi 
genesi thati mediatei EMTi andi stemnessi 
propertiesi andi therebyi revertsi thei 
mesenchymali andi CSC-likei phenotypei 
caused byi loss/mutationi ofi p53i toi ai 
differentiatedi epitheliali cell-likei phenotype 
[29]. Notably,i studiesi havei showni thati 
miR200ci isi thei mosti down-regulatedi miRi 
ini thei normali andi neoplastici stemi celli 
populationsi comparedi withi thei non-stemi 
celli populations [30].
 Furthermore,i miR-
200ci playsi ani integrali andi activei rolei ini thei 
maintenancei ofi differentiatedi epitheliai toi 
antagonizei tumorigenesisi byi i silencei ai 
cohorti ofi targetedi genesi andi non-codingi 
RNAsi involvedi ini regulationi ofi celli 
differentiationi andi epitheliali homeostasis,i 
includingi miR-200c [31].i  Down-regulationi 
ofi miR-200ci byi activatedi leptin-STAT3-
G9ai signalingi promotesi thei gaini ofi EMT-
CSCi traitsi toi expandi ai subseti ofi highlyi 
tumorigenici breasti CSCsi enrichedi byi thei 
celli surfacei markeri leptini receptor [13]. 
Ini contrast,i inhibitioni ofi STAT3i 
restoresi thei expressioni ofi miR200c,i whichi 
ini turni convertsi thei CSCi phenotypei toi ai 
differentiatedi epitheliali phenotype[13] [31]. 
Consistently,i STAT3i inhibitori treatmenti 
significantlyi suppresses thei CSC-likei 
populationi andi abrogatesi tumor 
progressioni ofi ai diet-inducedi obesityi rati 
modeli ofi breasti cancer [32]. 
Together,i thesei studiesi elucidatei 
criticali andi sophisticatedi rolesi ofi intrinsici 
mutation andi extrinsici influencei (e.g.i 
increasedi adiposity) ini directingi EMT-
METi (Mesenchymal Epithelial Transition)i 
andi stemness-differentiationi plasticityi 
throughi regulationi ofi miR-200ci expressioni 
duringi tumorigenesis [28] [30]. Thei resultsi 
furtheri reveali noveli therapeutici 
implicationsi ofi reactivationi ofi p53i ori 
inhibitioni ofi STAT3i ini restorationi ofi miR-
200ci toi eliminatei thei CSCi pooli andi therebyi 
preventsi breasti canceri progressioni / 
recurrence [29] [31] [33]. miR-200ci alsoi 
targetsi stemi celli factorsi suchi asi BMI1, andi 
downregulationi ofi miR-200ci wasi showni toi 
bei characteristici ofi breasti canceri stemi cellsi 
andi DNAi methylationi wasi foundi toi bei thei 
causei ofi thei repressioni ini breasti canceri 
stemi celli likei populations [34]. 
Ai naturali compound, resveratrol,i isi 
increasingi thei activityi ofi Ago2i andi asi ai 
resulti inhibitingi breasti canceri stemi cell-likei 
characteristicsi byi increasingi thei activityi ofi 
tumori suppressori miRsi includingi miR-200c 
[35]. Furthermore,i miRi microarrayi analysisi 
revealedi thati miR-200ci isi downregulatedi ini 
breasti canceri cellsi withi acquiredi resistancei 
toi cisplatin.i Iti wasi alsoi foundi toi bei 
downregulatedi ini doxorubicini resistanti 
MCF-7i andi BT474i breasti canceri cells [36]. 
Iti wasi alsoi associatedi withi trastuzumabi 
resistance,i whichi wasi foundi toi bei reversei 
byi upregulationi ofi miR-200ci throughi thei 
blockagei ofi TGF-Bi signaling [22] [28].  
miR-200ci isi alsoi associatedi withi 
increasei ini radio-sensitivityi ini breasti canceri 
cellsi byi inhibitingi celli proliferation,i andi byi 
increasingi apoptosisi andi DNAi double-
strandi breaks.i TBK1i wasi foundi toi bei ai 
directi targeti ofi miR-200ci andi itsi down 
regulationi byi miR-200ci isi partiallyi 
responsiblei fori increasedi apoptosis [22] 
[30] [31]. 
 






Figure 1. Scheme of the role of miRNA-200c in the Pathogenesis of Chemoresistant Breast 
Cancer. Redline: Chemoresistant Breast Cancer Pathways. 
Thei Rolei ofi miR-200ci ini Chemoresistanti 
Breasti Cancer 
Chemoresistanti breasti canceri isi ai 
conditioni ini breasti canceri cellsi thati arei 
resistanti toi chemotherapyi andi surgery [4] 
[19]. Breasti canceri chemotherapyi chemo 
resistant causei ineffectivei in inducingi 
apoptosisi ini canceri cells [6]. Thisi 
chemoresistanti cani inducei thei return i ofi 
breasti canceri althoughi iti hasi beeni donei 
beforei surgeryi andi chemotherapy [20]. Ini 
thei developmenti ofi breasti canceri cells,i 
therei arei twoi typesi ofi canceri cellsi thati arei 
activei proliferationi ofi canceri cellsi andi 
canceri cellsi dormanti (inactivei proliferation) 
[4] [6] [20]. 
Breasti canceri cellsi thati activelyi cani 
bei targetedi chemotherapy,i whereasi canceri 
cellsi dormanti cani noti bei ai therapeutici targeti 
duei toi noti proliferation [19] [20]. Thisi 
causesi breasti canceri cellsi dormanti cells.i 
Dormanti cellsi ini chemoresistanti i breasti 
canceri fusiformi shapei thati cani metastasizei 
ori remaini silenti oni thei location [14]. 
Chemoresistanti breasti canceri alsoi 
affectedi byi thei missingi ori reducedi 
regulationi ofi miR-200c.i Researchi fromi 
Yohei et al [8].i showsi down-regulationi ofi 
miR-200ci byi increasingi TGF-β2i thati formi 
dormanti           cancer    i    cellsi        Will  i        triggeri  
 
chemoresistancy. Supportedi alsoi byi thei 
resultsi ofi researchi Zhangi Jinsongi andi Lii Ma 
[17]. thati decreasedi expressioni ofi miR-
200ci affecti TGF-β2i ini shapingi thei EMT 
(Epitheliali Mesenchymali Transition)i ini 
chemoresistanti breasti canceri cells. Ini 
addition,i thei lossi ofi miR-200ci alsoi becausei 
iti isi noti thei activationi ofi p53i whichi willi 
leadi toi increasedi regulationi ZEBi 1i ori 2,i 
causingi activationi ofi EMTi formedi dormanti 
cells [22]. Thei formationi ofi thesei dormanti 
cellsi willi bei occurrencei ofi chemoresistanti 
breasti cancer [21] [22]. 
Decreasedi miR-200ci levelsi arei 
correlatedi withi clinicali stage,i locali relapse,i 
distanti metastasisi andi poori clinicali 
outcomes.i A.i Lowi levelsi ofi miR-200ci 
correlatedi withi shorteri survival.i OSi curvesi 
fori 134i studiedi patientsi withi highi ori lowi 
miR200ci expression.i B.i DFSi curvesi fori 
134i studiedi patientsi withi highi ori lowi miR-
200ci expresión [35]. 
BMI-1i cani inducei dormanti cellsi 
resultingi changesi dormanti cellsi becamei 
fusiformi shape [15]. Thesei dormanti cellsi 
fusiformi shapei andi formi willi bei metastasisi 
ofi canceri cells [6] [15] [35]. Emphasisi oni 
FOG2i cani affecti ai decreasei ini celli 
proliferationi ori divisioni cyclei becomesi 
activei withi ani emphasisi oni canceri cells 
 




[23]. Thei increasei ini thei activationi ofi 
dormanti cellsi TUBB3i causei cani bei 
chemoresistanti duei toi decreasedi sensitivityi 
toi chemotherapyi drugsi andi metastasisi ini 
chemoresistanti breasti canceri cellsi dormant 
[5] [6] [23]. Thei increasei TUBB3i alsoi 
causesi frequenti recurrencei ini breasti canceri 
asi welli asi thei formationi ofi newi canceri duei 
toi metastasisi ofi breasti canceri suchi asi liver,i 
lung,i brain,i andi otheri vitali organsi ini thei 
body [22] [23]. 
A double-negativei feedbacki loopi 
betweeni ZEBi familyi transcriptioni factorsi 
andi thei miR-200i familyi wasi showni toi 
regulatei EMTi ini differenti celli systems,i 
includingi breasti canceri cells [36]. More 
over,i expressioni ofi miR-200ci wasi revealedi 
toi bei activatedi byi p53,i resultingi ini 
inductioni ofi EMTi ini mammaryi epitheliali 
cellsi uponi lossi ofi p53 [37]. Lossi ofi p53i wasi 
positivelyi correlatedi withi expressioni ofi 
ZEB1i andi negativelyi correlatedi withi 
expressioni ofi miR-200ci andi E-Cadherini ini 
106i breasti tumori specimens [38] [39]. 
 
Figure 2. Potential of miRNA-200c in 
forming MET through ZEB1 or ZEB2 
suppression as a therapy for chemoresistant 
breast cancer cells [8] [11] [25] [36] [40].  
 
 
miRi microarrayi analysisi ofi 43i primaryi 
tumorsi (10i colon,i 10i bladder,i 13i breasti andi 
10i lungi cancers)i andi matchedi lymphi nodei 
metastasesi revealedi thati miR-200ci andi 
otheri miR-200i familyi membersi arei 
downregulatedi ini metastasesi comparedi toi 
primaryi tumors [39]. 
Moreover, miR-200ci andi otheri miR-
200i familyi membersi werei showni toi bei 
underexpressedi ini thei aggressivei claudin-
lowi subtypei ofi breasti cancer,i whichi 
displaysi ani EMT-likei genei expressioni 
signatura [41]. Ini contrast,i luminali breasti 
cancers,i whichi havei ai morei epithelial-likei 
phenotypei andi ai betteri clinicali prognosis,i 
expressi highi levelsi ofi miR-200c [42]. 
Besidesi ZEBi family,i miR-200ci cani modifyi 
metastasisi byi targetingi HMGB1,i ZNF217i 
andi ai truncatedi formi ofi VEGFR-1 [13]. 
miR-200ci wasi alsoi foundi toi bei ani inhibitori 
ofi tumori progressioni andi therapyi resistancei 
byi targetingi KRASi andi ZNF217 [43]. 
Re-expressioni ofi thei miR-200i familyi 
ini aggressivei breasti canceri cellsi wasi showni 
toi inhibiti experimentali lungi metastasisi andi 
decreasedi expressioni ofi iti isi associatedi withi 
lymphi nodei metastasesi ini triplei negativei 
breasti cancer [11] [44] [45]. Ini contrast,i 
anotheri studyi reportedi thati miR-200ci isi 
upregulatedi ini breasti canceri patientsi withi 
lymphi nodei metastasis [46] [47]. Iti wasi 
alsoi showni toi promotei colonizationi ofi 
breasti canceri cells [48]. 
Thei leveli ofi miR-200ci wasi alsoi 
foundi toi bei highi ini patientsi withi variousi 
cancersi includingi breasti canceri thati 
developi poly-metastasesi andi iti wasi 
reasonedi thati miR-200ci isi aidingi 
colonizationi ini thei latei stagesi ofi metastasisi 
byi revertingi EMT [49]. Ini ini vitroi assays,i 
miR-200ci suppressesi migrationi andi 
invasioni ofi breasti canceri cellsi throughi 
variousi mechanisms,i includingi targetingi ofi 









Has done numerous studies both in 
vitro showed that the miR-200c has a unique 
role of chemoresistant breast cancer. Based 
on thei resultsi ofi ai literaturei review,i miR-
200ci hasi thei potentiali toi bei appliedi ini thei 
treatmenti ofi breasti canceri managementi ofi 
chemoresistant.i Alsoi visiblei fromi thei 
benefitsi ofi thei miR-200ci arei easilyi 
availablei andi havei fewi sidei effectsi ofi drugsi 
ini thei treatmenti ofi chemoresistanti breasti 
cancer.i Expectedi withi miR-200ci cani 
reducei thei occurrencei ofi chemoresistanti 
breasti cancer.i Thus,i miR-200ci couldi bei 
therapeutici fori thei treatmenti ofi breasti 
canceri ini thei future. 
REFFERENCES 
[1] A. B. S. Satyarsa, “Potential of 
Fucoidan From Brown Seaweeds 
(Sargassum sp.) as Innovation 
Therapy on Breast Cancer,” J. Med. 
Heal., vol. 2, no. 3, pp. 909–19, 2019, 
doi: 10.28932/jmh.v2i3.1235. 
[2] World Health Organization (WHO), 
Prevention Cancer Control: 
knowledge into action: WHO guide 
for effective programmes: module 
(2). Geneva: World Health 
Organization, 2012. 
[3] International Agency for Research on 
Cancer (IARCH)/WHO, “Estimated 
cancer incidence, mortality, and 







(accessed Jan. 28, 2020). 
[4] A. Kamdje et al., “New targeted 
therapies for breast cancer: A focus 
on tumor microenvironmental signals 
and chemoresistant breast cancers,” 
World J. Clin. Cases, vol. 2, no. 12, 




[5] A. Satyarsa, S. Suryantari, P. 
Gumilang, I. Supadmanaba, and P. 
Adiputra, “Potensi mikrosfer 
kombinasi fukoidan dan mirna-200c 
sebagai inovasi penatalaksanaan 
kanker payudara kemoresisten,” Maj. 
Kedokt. Andalas, vol. 43, no. 1, pp. 
57–70, 2019. 
[6] R. Pinto, S. Summa, B. Pilato, and S. 
Tommasi, “DNA Methylation and 
miRNAs Regulation in Hereditary 
Breast Cancer: Epigenetic Changes, 
Players in Transcriptional and Post- 
Transcriptional Regulation in 
Hereditary Breast Cancer,” Curr. 




[7] Breast Cancer Organization, “What 
are the Side Effects of 
Chemotherapy?,” Breast Cancer 
Organization, 2012. 
http://www.breastcancer.org/question
s/chemotherapy (accessed Jan. 20, 
2020). 
[8] Y. Shimono et al., “Downregulation 
of miRNA-200c Links Breast Cancer 
Stem Cells with Normal Stem Cells,” 
Cell, vol. 138, no. 3, pp. 592–603, 
2009, doi: 
10.1016/j.cell.2009.07.011. 
[9] J. Chen, W. Tian, H. Cai, H. He, and 
Y. Deng, “Down-regulation of 
microRNA-200c is associated with 
drug resistance in human breast 
cancer,” Med. Oncol., vol. 29, no. 4, 
pp. 2527–2534, 2012, doi: 
10.1007/s12032-011-0117-4. 
[10] S. Wiranata, M. Yani, A. Satyarsa, I. 
Ardiana, and P. Adiputra, “Potency 
of Combination of Fucoidan 
Microsphere and MiRNA-200b as 
Therapy in Chemoresistant Breast 
Cancer,” J. Med. Heal., vol. 2, no. 5, 








[11] Y. Chen et al., “MiRNA-200c 
increases the sensitivity of breast 
cancer cells to doxorubicin through 
the suppression of E-cadherin-
mediated PTEN/Akt signaling” Mol. 
MedRep,vol.7,no.5,pp.15791584,201
3,doi:10.3892/mmr.2013.1403. 
[12] R. Neves et al., “Role of DNA 
methylation in miR-200c/141 cluster 
silencing in invasive breast cancer 
cells,” BMC Res. Notes, vol. 3, 2010, 
doi: 10.1186/1756-0500-3-219. 
[13] L. Roncati, G. Barbolini, A. M. Gatti, 
T. Pusiol, F. Piscioli, and A. 
Maiorana, “The Uncontrolled 
Sialylation is Related to 
Chemoresistant Metastatic Breast 
Cancer,” Pathol. Oncol. Res., vol. 22, 
no. 4, pp. 869–873, 2016, doi: 
10.1007/s12253-016-0057-6. 
[14] S. Chuthapisith, J. Eremin, M. El-
Sheemey, and O. Eremin, “Breast 
cancer chemoresistance: Emerging 
importance of cancer stem cells,” 
Surg.Oncol.,vol.19,no.1,pp.27-32, 
2010,doi:10.1016/j.suronc.2009.01.4. 
[15] D. X. He et al., “Genome-wide 
profiles of methylation, microRNAs, 
and gene expression in 
chemoresistant breast cancer,” Sci. 
Rep., vol. 6, no. 1, pp. 1–1, 2016, doi: 
10.1038/srep24706. 
[16] K. M. Gligorich et al., “Development 
of a screen to identify selective small 
molecules active against patient-
derived metastatic and chemo-
resistant breast cancer cells,” Breast 
Cancer Res., vol. 15, no. 4, 2013, doi: 
10.1186/bcr3452. 
[17] J. Zhang and L. Ma, “MicroRNA 
control of epithelial-mesenchymal 
transition and metastasis,” Cancer 
Metastasis Rev., vol. 31, no. 3–4, pp. 
653–662, 2012, doi: 10.1007/s10555-
012-9368-6. 
[18] S. M. Park, A. B. Gaur, E. Lengyel, 
and M. E. Peter, “The miR-200 
family determines the epithelial 
phenotype of cancer cells by 
targeting the E-cadherin repressors 
ZEB1 and ZEB2,” Genes Dev., vol. 
22, no. 7, pp. 894–907, 2008, doi: 
10.1101/gad.1640608. 
[19] S. Hyun et al., “Conserved 
MicroRNA miR-8/miR-200 and Its 
Target USH/FOG2 Control Growth 
by Regulating PI3K,” Cell, vol. 139, 
no. 6, pp. 1096–1108, 2009, doi: 
10.1016/j.cell.2009.11.020. 
[20] J. Wang, M. Yang, Y. Li, and B. Han, 
“The Role of MicroRNAs in the 
Chemoresistance of Breast Cancer,” 
Drug Dev.Res.,vol.76, no. 7, pp. 368–
374,2015,doi:10.1002/ddr.21275. 
[21] M. Garofalo and C. M. Croce, 
“MicroRNAs as therapeutic targets in 
chemoresistance,” Drug Resist. 
Updat., vol. 16, no. 3–5, pp. 47–59, 
2013, doi: 
10.1016/j.drup.2013.05.001. 
[22] B. W.-D. et al., “MiR-200c 
suppresses TGF-β signaling and 
counteracts trastuzumab resistance 
and metastasis by targeting ZNF217 
and ZEB1 in breast cancer,” Int. J. 
Cancer, vol. 135, no. 6, pp. 1356–



















[23] D. P. Bartel, “MicroRNAs: 
Genomics, Biogenesis, Mechanism, 
and Function,” Cell, vol. 116, no. 2, 
pp. 281–297, 2004, doi: 
10.1016/S0092-8674(04)00045-5. 
 




[24] C. Wang et al., “Gas6/Axl axis 
contributes to chemoresistance and 
metastasis in breast cancer through 
Akt/GSK-3β/β- catenin signaling,” 
Theranostics, vol. 6, no. 8, pp. 1205–
1219, 2016, doi:   
10.7150/thno.15083. 
[25] V. P. Tryndyak, F. A. Beland, and I. 
P. Pogribny, “E-cadherin 
transcriptional down-regulation by 
epigenetic and microRNA-200 family 
alterations is related to mesenchymal 
and drug-resistant phenotypes in 
human breast cancer cells,” Int. J. 
Cancer, vol. 126, no. 11, pp. 2575–
2583, 2010,    doi: 10.1002/ijc.24972. 
[26] G. Moussavou et al., “Anticancer 
effects of different seaweeds on 
human colon and breast cancers,” 
Mar. Drugs, vol. 12, no. 9, 2014, doi: 
10.3390/md12094898. 
[27] N. Ruocco, S. Costantini, S. 
Guariniello, and M. Costantini, 
“Polysaccharides from the marine 
environment with pharmacological, 
cosmeceutical and nutraceutical 
potential,” Molecules, vol. 21, no. 5, 
2016, doi: 
10.3390/molecules21050551. 
[28] D. Serpico, L. Molino, and S. Di 
Cosimo, “MicroRNAs in breast 
cancer development and treatment,” 
Cancer Treat. Rev., vol. 40, no. 5, pp. 
595–604, 2014, doi: 
10.1016/j.ctrv.2013.11.002. 
[29] J. Duanmu, J. Cheng, J. Xu, C. J. 
Booth, and Z. Hu, “Effective 
treatment of chemoresistant breast 
cancer in vitro and in vivo by a factor 
VII-targeted photodynamic therapy,” 
Br. J. Cancer, vol. 104, no. 9, pp. 
1401–1409, 2011, doi: 
10.1038/bjc.2011.88. 
[30] J. Zhang et al., “β-elemene reverses 
chemoresistance of breast cancer via 
regulating MDR-related MicroRNA 
expression,” Cell. Physiol. Biochem., 
vol. 34, no. 6, pp. 2027–2037, 2014, 
doi: 10.1159/000366398. 
 
[31] H. Y. Cho et al., “Enhanced killing of 
chemo-resistant breast cancer cells 
via controlled aggravation of ER 
stress,” Cancer Lett., vol. 282, no. 1, 
pp. 87–97, 2009, doi: 
10.1016/j.canlet.2009.03.007. 
[32] F. Kopp, P. S. Oak, E. Wagner, and 
A. Roidl, “miR-200c Sensitizes 
Breast Cancer Cells to Doxorubicin 
Treatment by Decreasing TrkB and 
Bmi1 Expression,” PLoS One, vol. 7, 
no. 11, 2012, doi: 
10.1371/journal.pone.0050469. 
[33] P. W. H. Frings et al., “Elimination 
of the chemotherapy resistant 
subpopulation of 4T1 mouse breast 
cancer by haploidentical NK cells 
cures the vast majority of mice,” 
Breast Cancer Res. Treat., vol. 130, 
no. 3, pp. 773–781, 2011, doi: 
10.1007/s10549-011-1355-z. 
[34] S. N. Fedorov, S. P. Ermakova, T. N. 
Zvyagintseva, and V. A. Stonik, 
“Anticancer and cancer preventive 
properties of marine polysaccharides: 
Some results and prospects,” Mar. 
Drugs, vol. 11, no. 12, pp. 4876–
4901, 2013, doi: 
10.3390/md11124876. 
[35] C. Song et al., “miR-200c inhibits 
breast cancer proliferation by 
targeting KRAS,” Oncotarget, vol. 6, 
no. 33, pp. 34968–34978, 2015, doi: 
10.18632/oncotarget.5198. 
[36] P. Ceppi et al., “Loss of miR-200c 
expression induces an aggressive, 
invasive, and chemoresistant 
phenotype in non-small cell lung 
cancer,” Mol. Cancer Res., vol. 8, no. 
9, pp. 1207–1216, 2010, doi: 
10.1158/1541-7786.MCR-10-0052. 
[37] E. N. Howe, D. R. Cochrane, and J. 
K. Richer, “The miR-200 and miR-
221/222 microRNA families: 
Opposing effects on epithelial 
identity,” J. Mammary Gland Biol. 









[38] G. J. Hurteau, J. A. Carlson, S. D. 
Spivack, and G. J. Brock, 
“Overexpression of the MicroRNA 
hsa-miR-200c leads to reduced 
expression of transcription factor 8 
and increased expression of E-
cadherin,” Cancer Res., vol. 67, no. 
17, pp. 7972–7976, 2007, doi: 
10.1158/0008-5472.CAN-07-1058. 
[39] G. J. Hurteau, J. A. Carlson, E. Roos, 
and G. J. Brock, “Stable expression 
of miR-200c alone is sufficient to 
regulate TCF8 (ZEB1) and restore E-
cadherin expression,” Cell Cycle, vol. 
8, no. 13, pp. 2064–2069, 2009, doi: 
10.4161/cc.8.13.8883. 
[40] J. Knezevic, A. D. Pfefferle, I. 
Petrovic, S. B. Greene, C. M. Perou, 
and J. M. Rosen, “Expression of 
miR-200c in claudin-low breast 
cancer alters stem cell functionality, 
enhances chemosensitivity and 
reduces metastatic potential,” 
Oncogene, vol. 34, no. 49, pp. 5997–
6006, 2015, doi: 
10.1038/onc.2015.48. 
[41] E. N. Howe, D. R. Cochrane, and J. 
K. Richer, “Targets of miR-200c 
mediate suppression of cell motility 
and anoikis resistance,” Breast 
Cancer Res., vol. 13, no. 2, 2011, doi: 
10.1186/bcr2867. 
[42] R. Schickel, S. M. Park, A. E. 
Murmann, and M. E. Peter, “miR-
200c regulates induction of apoptosis 
through CD95 by targeting FAP-1.,” 
Mol. Cell, vol. 38, no. 6, pp. 908–
915, 2010, doi: 
10.1016/j.molcel.2010.05.018. 
[43] L. Liu et al., “MiR-200c Inhibits 
invasion, migration and proliferation 
of bladder cancer cells through down-
regulation of BMI-1 and E2F3,” J. 







[44] D. Chen et al., “MicroRNA-200c 
overexpression inhibits 
tumorigenicity and metastasis of 
CD117+CD44+ ovarian cancer stem 
cells by regulating epithelial-
mesenchymal transition,” J. Ovarian 
Res., vol. 6, no. 1, 2013, doi: 
10.1186/1757-2215-6-50. 
[45] P. A. Hubbard, C. Moody, and R. 
Murali, “Allosteric modulation of 
Ras and the PI3K/AKT/mTOR 
pathway: Emerging therapeutic 
opportunities,” Front. Physiol., vol. 
5, no. Nov, 2014, doi: 
10.3389/fphys.2014.00478. 
[46] D. S. Yu et al., “MiR-200c regulates 
ROS-induced apoptosis in murine 
BV-2 cells by targeting FAP-1,” 
Spinal Cord, vol. 53, no. 3, pp. 182–
189, 2015, doi: 10.1038/sc.2014.185. 
[47] A. Mitra, L. Mishra, and S. Li, 
“EMT, CTCs and CSCs in tumor 
relapse and drug-resistance,” 
Oncotarget, vol. 6, no. 13, pp. 
10697–10711, 2015, doi: 
10.18632/oncotarget.4037. 
[48] Q. Wu, Z. Yang, Y. Nie, Y. Shi, and 
D. Fan, “Multi-drug resistance in 
cancer chemotherapeutics: 
Mechanisms and lab approaches,” 
Cancer Lett., vol. 347, no. 2, pp. 
159–166, 2014, doi: 
10.1016/j.canlet.2014.03.013. 
[49] R. U. Takahashi, H. Miyazaki, and T. 
Ochiya, “The roles of microRNAs in 
breast cancer,” Cancers (Basel)., vol. 
7, no. 2, pp. 598–616, 2015, doi: 
10.3390/cancers7020598. 
 
 
